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TOM TAT: Mot trong nhitng tham 50 co ban cua tiéng ndi sé dwoc trich rit ur mé hinh qTA (quantitative target
appl()xzma[zon) dé tdi tao ra cdc dwong tan so co ban F0 cho cac tir ghép tiéng Viét, y nhién viéc wéce luong tu dong cdc tham 56
nav la khéng dé dang do duong FO co hinh dang phic tap. xudt hién do hién negng bién thanh ¢ cdc ciu trong ngir canh c6 xudt hién
bién thanh. S dung huong tiép can xap xi ham lién tuc bang cdc da thire, trong bai bdo nay, chung (6i dé xudt mot thudt toan t6i wu
ham muc tiéu dé ne dong udc hwong cac tham $6 cua mé hinh qTA cho cac am la tir ghép tieng Viél. Két qua thic nghiém cho thdy
thudt todn dwoc dé xudt ¢6 thé tdi tao dwong FO cua cac dm déi tiéng Viét trong cac ngit canh cau noi khic nhau

Tir khéa: Puong FU, Udce lwong FO, M6 hinh Xu, ¢TA, Xap xi da thic, ...

I. GIOI THIEU

Theo phuong phap tong hop tiéng noi dua trén phan tich dic tr ung, da co nhiéu nghién ctru nham cai thién kha
nang tai tao giong noi. Mac du vay, viéc ude luong va mo hinh héa duong cong FO (tan so co ban) cua am thanh tleng
noi van la nhirng thach thirc trong linh vuc nay. Trong do, mgt am thanh ¢¢ thé la t6 hop cua nhiéu tan s, tan sé chinh
duoc bao trum trong am duogc goi la tan s6 co ban. Trong ncng n0| tin sb co ban la su dap ung cua su rung dong cac
day thanh am. Tan s6 co ban c6 gia tri phu thudc vao tan s6 liy mdu va khoang cach gitra 2 dinh cua cac song am tuan
hoan. Tong hop duong thanh diéu khong chi lam co so cho vige phat trién cac h¢ thong nhan dién thanh diéu ma con c6
thé ap dung rong rai trong linh vuc téng hop tiéng néi [17, 18].

Ngon di¢u (prosody) duoc hinh thanh tr tdp hop cac yéu to di¢u tinh gom su thay doi cao dg, cuong do, toc do
101 noi, trong am va ca am sic trong mot don vi 1oi noi, do la yéu to quan trong trong vige truyén dat thai d, nhan
manh sy thé hién ngdn ngr cua minh wy thuge vao bbi canh phuc vu giao tiép hang ngay. Trong qua trinh phat tnen
tri tu¢ nhan tao, gan day con nguoi dang tim cach giao tiép v6i may moc, hudng t61 mét giao tiép tw nhién gan gidng
con nguoi hon. Trong s6 cac yéu t tao nén ngon diéu (prosody), cao dé va tan sd co ban la nhimg dac trung quan
trong nhat.

Tur goc d6 mo hinh hoa, dé tao ra mot mé hinh ¢6 kha nang du doan duong nét FO thi viéc quan trong la phai
xac dinh cac yéu td du doan. Nhu da dé xudt o trén, néu cac yéu té giao tiép nhu trong am, ngir di¢u cac loai cau va sy
tuong tac cua ching biéu hién qua cac duong cong FO ¢6 hinh dang phuec tap, thi chung sé& la cac yéu to du doan. Mot
phuong phap thay thé cho mo hinh hoa cac yeu t6 nhu vay la mé phong duong cong FO dua trén cac yéu to du doan
bao gom cac dac diém cua mau FO da quan sat dugc, nhu cao do, diém chuyén déi FO, va nhuu hon nira. Ly thuyét cho
thdy md hinh hoa cac yéu té nhu vay cung cép mot cong cu manh mé dé kiém tra gia thuyét vé diéu nghé va ngir diéu.
Qua trinh nhu vay dugc goi la phan tich tong hop [1].

GiGi cong nghé thong tin da nd luc trong nhiéu thap ky qua nham xay dung mot mo hinh c6 kha ndng mo phong
cac hi¢n tuwgng ngon di¢u khac nhau thong qua mo hinh FO [2, 3, 4, 5, 6]. Nhung phwong phap nay co thé dugce chia
thanh hai loai chinh: mo hinh hoa FO truc uep va mo phong co ché tai tao FO.

Céac md hinh thudc loai dau tién nhu mé hinh Fujisaki [3, 4, 5] chu yéu duoc tao ra dyua trén hinh dang cua
duong cong FO, voi muc tiéu khop cac duong FO tr dir licu déu vao.

Loai thi hai 1a mé hinh md phong co ché tai tao FO nhu qTA (Quanmatnvc Target Approximation) [6], nham
mo phong ngu diéu, trong am va trong tam duogc ding dé nghién ciru va phén tich giong noi, lam 6 vé co ché san sinh
giong noi. qTA da mé phong qua trinh tao ra giong noi thong qua md hinh xap xi muyc tiéu dinh lugng dé tao ra duong
cong F0 va tao ra duong cong FO cho giong noi tiéng Anh va tiéng Trung Quéc.

Do do dé biéu dién dudng FO cua céc tir ghép tiéng Viét, chung t6i di xac dinh theo hudng tiép can xdp xi da
thie dé phan tich tham s6 ctia md hinh qTA.
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Phan con lai cua bai bao duoc to chic nhu sau: Muc 11 Kién thic lién quan, Muc 1T [a thudt toan giai ham véi
muc tiéu xac dinh tham so6 qTA dya trén xap xi da thire, Muc 1V la thye nghiém va Myc V la két luan.

IL NGHIEN CUU LIEN QUAN VA PHUONG PHAP PE XUAT
A. Mé hinh qTA

qTA (Xu [3-5], su dung mot s6 tham s6 cua giong néi nhu duong nét tan sé co ban FO, truong do (duration) cua
timg doan, cao d¢, thoi diém bat dau (onset timing) va thoi diém két thic (offset timing) am tiét dé tao ra duong cong
FO cho giong néi. Bé danh gia hiéu qua cua mé hinh qTA, cac tham sé md hinh duoc trich xudt tir giong noi tu nhién
va so sanh véi cac giong néi tu nhién théng qua ca phan tich va kiém tra cua con nguoi. Mé hinh qTA c¢6 thé dugc su
dung nhu mét cong cu hiéu qua trong nghién ctru vé ngir diéu va trong 4m, va ciing ¢6 thé ty dong tao ra ng diéu va
trong am trong i noi.

Vi tiéng Anh, mé hinh qTA st dung mo hinh quan hé thoi gian va dm (it dé xéc dinh thoi diém bét dau va két
thic cua cdc thanh phan am tiet. Doi véi tieng Mandarin, qTA sir dung md hinh phu thudc am tiét dé xac dinh thoi
diém bat dau va ket thuc cua cac thanh phan am tiét.

Mo hinh da dugc st dung rong ri cho tiéng Trung Qudc phd théng-Mandarin, va trong [13] &p dung cho tiéng
Thai dé mé hinh héa dudng tan sé co ban FO cua cac thanh diéu trong ngit canh. Tir mot s6 nhé tham sé cia md hinh,
ching ta tao sinh duong FO méi c6 duong nét thich tng cho céc hién tuong bién thanh cua cau sé duoc phat am. Cac
tac gia da dé ra khai niém “pitch target” trong tiép can mo hinh hoa dudong FO, trong thuc té tmg dung thuong “pitch
target” la dang tuyén tinh, va vé thue chit mé hinh da biéu dién sai s6 xap xi tuyén tinh cua cac gia tri FO béng mot Xap
xi mdi 6 dang la ham phan rd dang ham mii ¢6 te do suy giam la mét gid tri nam trong khoang (0,1) [6, 14].

B. Xip xi da thirc

Dinh |y Weierstrass [7, 8, 16] vé& xap xi ham lién tuc la mot trong nhing dinh 1y quan trong nhat trong Iy thuyét
xap xi ham. Pinh Iy nay cho phép chiing ta xap xi mot ham lién tuc bét ky trén mot doan dong bang cach su dung cac
da thirc. Gia sir chiing ta c6 mot ham f(x) lién tuc trén doan dong [a, b], trong d6 a nho hon b. Dinh Iy Weierstrass
khang dinh réng cho trude bat ky gia tri dwong nao € , chung ta c6 thé tim thiy mét da thirc P(x) sao cho hiéu s6 tuyét
doi gitra f(x) va P(x) 1a nho hon € trén toan b0 doan [a, b], tic 1a [f(x) - P(x)| < € vdi moi x thudc doan [a, b]. Dinh ly
Weierstrass 1a mot dinh ly ton tai, cung cép cho chiing ta mot cach tiép can hiru ich dé Xap xi va tinh toan cac ham sé
phirc tap mét cach hiéu qua vé nguyén ly. Trong ap dung véi cdc ham lién tuc cu thé, thi hoan toan co thé xay dung
dung duoc da thirc xap xi tot cua n6 bing cac phuong phap duoc dé xuat bai nha Toan hoc Chebyshev. Ngoai phuong
phap Chebyshev thi da thirc Legendre ciing dugc st dung dé md ta cac dudng dé cac di¢u hoéa duong
FO [9].
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Hinh 1. Khép duong FO bang da thirc bac 4: a) bing mot da thic bac 4 tir “ciing nhau™; b) bing 2 da thirc bic 2 cho tir “khodng”
va béc 4 cho tir “dang” cua tir d6i “khoang dang”

C. Chi s6 danh gia d léch 2 day sé

luomg s6 1an chinh sira (thém, x6a hodc thay déi ky tir) can thiét dé chuyén déi mot chudi thanh chudi khac.

Cong thue tinh Edit distance duya trén cach thic tim duong di ngan nhat trong mot ma tran. Ma trén nay ¢ kich
thude (m+1) x (n+1), trong d6 m va n la d6 dai cua hai chudi cin so sanh. Gia tri ¢ hang i, ¢gt j cua ma trdn tuong tng
v6i khoang cach chinh sua gitra mot phan tu cua chuéi nguon voi mot phan tu cua chudi dich.

~ Edit distance (khoang c4ch chinh sira) 12 mot ky thuat dugc s dung dé do dé twong ddng gitra hai chudi. N6 do’
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D. Biéu dién ham muc tiéu cho thanh diéu

L
pat G(1) = 1) /(j t+b)

. G(t) 1a ham lién tuc trén doan [T, T2]. Theo dinh Iy Weierstrass [7, 8], ton tai

da thuc P(t) sao cho max |G()-P(0)| < &> nghia la
T, T,]

Vi [T, T,)|F,(t)—at —b— P(t)k' <e.

< gk’ < & by 0<k<I, tirc la max)‘E,(t)»{at+b+P(z)k’}

1€[TLT2

Déi voi thanh diéu tn va duong FO biéu dién £ — f(¢),]1 <7 < T cua tn, ham muyc tiéu PF duoc dy doan cac
tham s6 ciia mo hinh qTAV cho duong FO:

PF = *( 3 o -(at+b))

T-last+1SIST A £, (1)# NAN (1)
7% Z {fo(t)*(a *t+b + P(t)*(k )‘)}ﬁ—)min,kmSkskm
1t<T A f, (1) NAN
E. Thudt todn dé xudt
Véi am déi thi diém chia gitta cac am tiét sé duoc tinh theo cong thuc dudi day:

def
T.=[(T,+7,)/2] T: Chiso frame cudi cung cua duong FO nhanh thir nhit am, T, 14 chi s6 frame dau tién cua

am thu 2.
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Hinh 2. Diém chia Te cua am tiét doi

Thuét toan trich rat tham sé tir tap FO cho tir d6i am tiét.

Bude 1: Giai ham muc tiéu PF 1a mot xap xi da thirc trén tap gia tri FO tir frame thir | dén frame 7 —1. Sau khi
giai ham muc tiéu thi thu dugc bo hé s6 cua da thire xép xi bac khong qua 4 ( PC, ) va cac hé sé a,,b,, k, dé biéu dién
tham s mé hinh tham s6 qTA.

Bude 2: Giai ham muc tidu PF 1a mot xp xi da thirc trén tap gid tri FO tir frame thur 7, dén frame cudi cling
ctia Am tiét thir 2. Sau khi giai ham muc tiéu thi thu dugc bd hé s6 cua da thire xép xi bac khong qua 4 (PC,) va cic hé

sé a,,b, .k, dé biéu didn tham sé mé hinh tham s6 qTA.

Budie 3: Tong hop 2 bude thi thu dugce 2 bo hé s6 hé s6 PC,, PC, va cac hé s6 a,,b,,k,,a,,by,k; .
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1. THU'C NGHIEM

Bing 1. Thir tu cac hé s6 bac da thi, a va k cua qTAVs cua ngtr di¢u tiéng Viét voi cac hinh dang FO khdc nhau
(Tong quan. xu huéng/khoang thoi gian/hudéng), 2° va 6° 1an lugt 1a 2 va 6 ngir di¢u ket thuc bang phu am dong [10, 11]

Thanh diéu Vidu Hinh FO Bac Qa thic a k
; Xap xi
1 Ba cao/ngang/dai/khong doi hudng 0 5 0
2 Ma cao/di Ién/dai/khong d6i hudng 4 e 53
22 Mat cao/di 1én/ngan/khong doi huong 0 0 0
o e cao/géy/’déi/déi hudng di xudng sau di
e Ma [¢n/tac hong 4 - *
thap/cong/don huong di xuong sau di Ién
4 ~ Qua_ bing vdi cao do ban dau 4 = e
S5 Ma thap/di xudng/khong déi hudng 0 it 0
6 Qua thap/ di xuong/ngan/khong déi hudng 4 * £
6’ Mt thap/di xudng/ngén/khong doi huéng 0 0 0

*: Khong rang budc.

Hon nita, dé Iya chon cac tham s téi wu, ching ta c6 thé sir dung thu tuc polyfit cia Matlab [15].
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Hinh 3. Két qua bing thuat toan dé xudt vai tir “din day” véi bac da thirc x4p xi bang 4

IV. KET LUAN

Trong bai bao nay, ching t6i da dé xuét mat thudt toan trich rut tham s6 cua mé hinh qTA tii tao duong FO dua
trén cach tiép can da thirc xap xi cho 4m doi tiéng Viét. Phuong phdp dwoc dp dung véi muc ti€u tao ra cic duong FO
co hinh dang phic tap 4p dung trong thé hién FO cac tir doi tiéng Viét. Két qua thue nghiém da chiung minh rang
phuong phap dé xuat khong chi hiéu qua trong viéc tao ra céc dwong FO mong mudn ma con cé kha nang thich nghi
véi da dang cac ngt canh am thanh.

Chung t6i d¢a mo ta qua trinh tiép can theo huong qTA, trong d6 chu trong vao viéc trich rit thong tin quan
trong tir tap FO dé tai tao hinh dang cua cdc tir doi am tiét. Bing cach tan dung tinh tuong quan gitta cac tham so, thuat
toan di dat dugc hi¢u sudt an twong trong viée Xap xi va téi tao céc dudng FO phuc tap.
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PHU LUC

Mo hinh Fujisaki

Do hudng tiép can tai tao duong FO dya trén “fitting”, mé hinh Fujisaki kha phuc tap,
Mo hinh sinh ra FO theo c¢ong thirc sau:

log 7, (1) = log F; +i,4,,,o,,(/ 7 )+i,4m 1G, (1 —1,,)-G, (¢ —13,)} ()
e a:f.cxp(—a )oi Bsfors o t20)

(’p = {0 siofor <0 @)
Cdy minll»--( 1+ f1).exp( A,Hl):, Jor 120

('u S i o fJori12P 3)

o day, cac tham sb ciia mo hinh Fujisaki bao gom: Ap, T0, a, Aa, T1, T2, B, Fb. Trong do:

Fy - Gia tri co ban cua tan sé co ban,

I - sb 1énh ngit,

J-sb 1énh trong am,

A; - cuong do cua Iénh ngir thir i,

To - thoi diém bt dau 1énh ngit thy i,

A, - bién dg cua Iénh trong am thi j,

Ty; - thoi diém bét dau thanh diéu ¢ Iénh trong am th j,
Ty - thoi diém két thuc thanh diéu ¢ I¢énh trong am thu j,
o - tan s& goc tu nhién cua Iénh nglr (phrase command) ,
B - tan s6 goc tw nhién cua Iénh ngir (phrase command),
y - mic gia tri tran twong Gmg voi cac thanh phan trong am.
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POLYNOMIAL APPROXIMATION IN RECONSTRUCTING
FUNDAMENTAL FREQUENCY (F0) CONTOURS FOR VIETNAMESE
COMPOUND WORD TONES BASED ON THE QTA MODEL AND BASED
ON THE QTA MODEL AND OPTIMAL OBJECTIVE FUNCTION
ALGORITHM

Ta Yen Thai, Vu Thi Hai Ha, Dao Van Tuyet, Ngo Hoang Huy,
Nguyen Van Hung, Doan Van Hoa, Tran Cong Hung

ABSTRACT: One of the fundamental parameters of speech will be extracted from the gTA model (quantitative target
approximation) to reproduce the fundamental frequency FO contours for Viemamese two-svllable tones. However, automatic
estimation of these parameters is challenging due to the complex shape of the FO contours caused by tonal sandhi in sentence
contexts. Following the approach of approximating continuous functions with polynomials, in this paper, we propose an objective
function optimization algorithm to automatically estimate the parameters of the gTA model for two-syllable tones of Vietnamese.

Experimental results show that the proposed algorithm can reproduce the F() contours of Vietnamese two-syllable tones in various
sentence contexts.

Keywords: F0 contours. FO estimation, Xu model, gTA, Polvnomial approximation.
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